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Abstract: Disturbance of lipid metabolism is one of the main causes of chronic metabolic diseases. As the cost-
effective physical therapy, exercise can improve the disturbance of lipid metabolism by regulating the expression of
the fibroblast growth factor 21 (FGF21). The present studies have shown that disturbance of lipid metabolism could
cause abnormal expression of FGF21 in the body, and its serum circulation level increased significantly but the
expression of target tissue receptor decreased, leading to FGF21 resistance. Exercise regulates the expression of
FGF21and improve lipid metabolism disorders through a series of mechanisms, such as reversing the dysfunction of
FGF21-AND axis, up-regulating the expression of PI3K/Akt signaling pathway to improve insulin resistance;
inhibiting the expression of inflammatory factors such as TNF-a, MCP-1, IL-18, and down-regulating the
expression of nuclear factor kB protein signaling pathway to reduce inflammation; Increasing mitochondrial citrate

synthase activity, up-regulating the expression of AMPK signaling pathway and PGC-1a to increase energy
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consumption; mediating lipid remodeling and regulating WAT "browning", up-regulating the expression of AMPK/

ULKI1 signaling pathway to increase lipolysis, and so on. The accumulation of exercise is the critical factor causing

adaptive changes in FGF21 expression. Acute exercise stimulation with high intensity (80%~85% VO,max) or long

period (=12 weeks) exercise intervention can effectively promote the expression of FGF21. Based on the

relationship between lipometabolic disturbances and FGF21, this article analyzed the biological mechanism of

improving disturbance of lipid metabolism by exercise-regulated FGF21, and sorted out the differences in

expression of FGF21 regulated by different exercise, in order to provide guidance for the exercise intervention

program to improve disturbed lipid metabolism mediated by FGF21.
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R R 5 S RAT W S AL, BRI A DA K
TEBNEEA R T R BRI MR AL 2 BUBE IR (type
2 diabetes, T2D). LY (cardiovascular disease,
CVD) FIHEEREPE AR T (nonalcoholic fatty liver disease,
NAFLD) 2R & AL [ g gom R 2z — 1,
DRI, BRZRET R AU 25 L 3 A 8 va 7 @ A2
T HE i, H AT O R AR R B AT SR
B B S A R, 8B E A R g B AR
FB, TR ERICMARA, Zi6IT 8 EACH 5w
(4 3107 50 P

& AL TR A b VR AR T Re Y
FF 2 MR EACHA T RIE, IR A [E
aE MAL AN HAER, HETA R s iR AR
AL e AT 4EN M E K [RF 21 (fibroblast growth
factor 21, FGF21) /&1 317 5 7= A2 1 A 5 1 A 1
Wz —, FELEMAE. DIRAEDHA PR,
FEARHIRERE T, FGF21 24205 A B 1 B-Klotho
(KLB) W2 AR AW G A fefE T ¥ 88 B 324K
(fibroblast growth factor receptors, FGFRs), Jf i if
FGFRs Ui A 22 5y 24 7 15 0 B A 3§ (mitogen-
activated protein kinase, MAPK) 5 5 2% Bt/ & 1,
G4k T TS S Vi VA A e A A S i T

11 FGF21 R i N iz 3 s, B W 2 28
MAEHEEZRE R Z, FEHAHIEAAEZ R
fiE, PRtk FGF21 v AE Ay 3l o AR i AR 2 AL 1
R R BB BOE ARy, AR AL
# FGF21 ik, Mi@shn HEEH M. W
H LB B I 15 FGF21 FR3A oo g A8 AL 1o 4
WP —#E, 2B A REW, SFN
Gy %2 e tE T FGFRs 941 208 S 1k P
B UL R L MR R %, X
BT M B 77 22 e 8 B S AF ) FGF21 4% 208
WA BTk, AL EEMARUH KL S FGF21
KR, 18307 FGF21 o3 Bg AR X a0 A4

ML B3NN FGF21 R A )R 4F F K ML) 28
SANEHRAT RS SEE

1 BEREFEEISFGR2IMXR

FGF21 J&—F R BB IR b & 1, 8 3h
ARG, WEBASEFR R SR 6E B AR
WS Lk U5, w1 AR T Th A
Ja 2 1B WK B B K o B IR AR X AL S
[BE I BRI RN, 2R Ak T RS RS DL A S
i 3 OB S5 BRAR B T R U, FGF21 A2 LA
I 2 2 A7 U T R 5 AR oAU A T B e, T2
S8 FGF21 REFH « HinFEKFaREEF,
ELERTIR . B BML. Fi I 2 2 S5 2 B b R BRI,
A FGF21 #EHTIL R R A P2,

FGF21 #$15 H 2R K IEBRARAT Ko 7RSS
5o o g 2, AR/ BRUALE H FGF21 7K1 2 2 T =,
HARLAZU 52 1k FGFRs & KLB #i& F il #5345
wgcae B, BRI SR B 412 FGF 5244 -1 (FGF
receptor-1, FGFR1) Al KLB ik 2 kA X B AR AL «
FRIRE T HUG KB, BT 4 F 2R R/ IE KT
EFti, AT OEE ARE MBOIRES 5 (ERE S AR
JRE K BRI PN 1) FGR21 R T I0 % k4B, i i 4 41
FGFR1 }¢ KLB FXZH FFRIFRF LRI 12 M. 5
BEARS, /NG FGF21 KPAE = AR E Rl 4 B
TR ERAN, B 12 AN T 6 5. AR
FEFGF21 53 1) MAP ¥ Erk1/2 (Th2r202/204).
i e IR 1 O AR K )W 1 (early growth response 1,
EGR1) Fl45] & HEFE 1244 1 (glucose transporter 1, Glutl)
PIRIEL L, ERARREIEELMAE . FGF21 #LHl
RAENKIGRBE A P FFEAFAE, AERE. T2D =
BECRAS I L35 FGF21 KPR 3 Tk m ™, JoKr 5
AR 2% & 4iE (metabolic syndrome, MS) £ & £ 1F #H
K SE/AEKIEE R RFARK, FL b, BE MG
FGF21 /K-FTH R FE, etk s e G
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g 2044 (white adipose tissue, WAT) ' FGF21 52k
KLB 318 2 & K, Rtk KLB KR & ] g
f& N2 FGF21 $RPTAIEE R A Y,

HAr, xHF@rERigom s, xR AR
FELFTIE 31 FGR21 #lLMi6I7T F R EEH 4
BITIZ BT, AR IT 2 K FGF21 K%
25 L ¥ (PF-05231023)%", (BMS-986036)*, —
BUIK 2 B H W e A PO 25 R R i Re
X s FGF21 /KF s sz, {H i T FGF21 52
RFIE WA, R TEVEIR s sebr A R EE
I, 25909097 5t T 38 FGF21 K F [ 520 DA
& PR AT SR AT E M. K
SUITT-THBE S 19 0 T2D He (FE3F FGF21 /K1 BY,
TR HA (1A ) F I B T 18 28 FGF21 K7 B2
K H PF-05231023 F-iil)5, 4R T2D &35 Hil — s
AP BRI PR, (E IS KT R e s
5256 7 AR, i@gh s 5l ok N s E
R NS 5 IR IR 3 N R IS 5 B TR
i, R LA T AR RIS, $E & FGF21 5L
b A PR F BE 9B AU U FGF21 $i%4t, N FGF21
BT M R 4 0 R AR R AL I AR D S RN R T
LS YL

2 EHEIEFGRAINEREREHZIENEZ
Ll

2.1 EIEIEFGRANER SRR, EHFGF21-
ANDHIIIHERERS

it 5 ZHP TR TR AL BRI, b
I e IR AR ZE AL R T R P B R
B, FGF21 v LA HIE . LIRS R I i 2L 23 60 Jk B
FAHHT Y ¢ A RN PR/ BB R R R
SR DR 1 R ATV R N- £ A T SR Pk 0. e B 18] 7
% H 1 52/K (soluble N-ethylmaleimide-sensitive factor
attachment protein receptor, SNARE) 1%, 755 PI3K/
Akt {5518 (phosphatidylinositol 3-kinase/Akt signaling
pathway, PI3-kinase/Aktl) 180 3 10 A AR g &
B 4 i 5 2R A AR A g B, RIS BT R
o, FGF21 3 ] 3 e s i A P A 184 FE 0 s
24 v (peroxisome proliferator-activated receptor y, PPARY)
(1) % 3RI8 W3E B AR 3 (adiponectin, ADN) [1]
I3 KT B gk A 5 RS = EE R BT Yang
S BRI, e R 5l K FGF21 KB AUE
JPE/N B, FGF21-ADN #fi i £ Dh REFRAS I, ADN /K-
WG H 12 A EEE THIRE T FGF21 Xt

ADN 73 WA FR IR F TR IST JIES e /0 B8t s 7K F 2
HREAR, JRARI ZALEREE T M. Geng %5 1 SCHF b
WA - 4 iz 8T B A NSRS B S
T R ML i ADN JKF, e 1 IR JRE /) B A 76 B
M52 AN R R S AR PURD o 5 3 RE O FE S 5 ]
BB A RS I E FGF21 bR (K AR A /N B 40
RIS LA ERTFRY], Bzl s> FGF21
T, KN FGF21-ADN i 33 32 11 1 0 1B 2 2%
T, AT 50 i 4L PR T A A A Qg 35 L B
2.2 ENEFIEFGRUBBRRER B, MHIRAERF
ik

ek JOERAIBIR K AL 2 —, 2R
28 R F-an R SR FE K F -a (tumor necrosis factor-alpha,
TNF-0). [ ZH Jffd /> & -6 (interleukin-6, IL-6). IL-1B
(interleukin-1B, IL-B)- FAZ4H 1L EE [ -1 (monocyte
chemoattractant protein-1, MCP-1) %5 K i 7t & 5 fig
R ZEEH VIR, RITFBEREY], 83T
Jig A 25 AL A L) 32 B AE Tl i 1 9 FGF21 19 E
Yrid e, BEAR FGF21 R0, HE 82 2 1 1
PEA, B8 #RE RN . Porter %5 U 1 8 I H A2
TR 56 5 5 2, B AR IE B /) B BAT (brown
adipose tissue) H' TNF-a 4 [A] [ 2 1k 2 25 BRI, 1
FGF21 Ft b AR /N B JRE S SNl Geng %5 21 X
FGF21 AR/ REEAT 4 J B HLIE 3+ Fi5 7]
FERIL, B30 S0 P 5~ A A T 235 9%, T
B A T B BAE K 38 ) F B TNF-a. MCP-1,
IL - 1B &5 20 7 B 3RIA K B35 T, ORI
WS, HEACH ZFELRE S LM, Yu S MR,
FGF21 Al @ % 98 Nrf2 > S FiALae 11, T
#%IKF- kB & [ (nuclear factor kappa-B, NF-xB) 155
WREERIE, FHIH] 2 AL R R TR RIS T AT
RAUEA ™. Wik, Zghn @i FGF21 H 55 4%
E SRR ) B AR AR R AL RS .
2.3 EERNBEEFGR2ELRIATNREISRS, RSkt
ERH

JEAR I ZE AL B 2 P B Lo i D g R A P
15, PHEMETEEKRE, AR IERE
HIrde, HlssReEACH. AR, il Ed
FGF21 mJ i ifif 15 2o bR D e fe my B AN . Loyd
& PURDL, 83T T 235 80 FGF21 % AMPK
{55 1@ % (adenosine 5'-monophosphate-activated protein
kinase) 1L S0 Ak P il 44 08 5 0 B0 52 A4 y SR BEOE
[A¥ la (peroxisome proliferator - activated receptor-y

coactivator -1a, PGC-1a) 315 FW0E/E H, Mo 3
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pIRE g1 NS RES ANy S BTN E =P el 2
ALThRE, BINAEEHFE. Porter 45 LK I FGF21
il O 22 BRAIC WAT w2000 AR A W03 1%« /£ FGF21
HE DRI B /0 B PN IR 7 b R IR R AR K A R e
KRk, HA 8 i A2 3T Fil)a 20k I EF A e
7N B 2R R AR AT 1 B2 A J i (citrate synthetase, CS)
TR N, Rz B i ol 8R4 T g 1 I g
VA, ST SCE IR AL .
24 EFAEFGFR2IEMNASREKT, HPHIAE RF1L
AR

EAR U 25 6L 18 1 ik 2 S B U NG ot = 7 IR BA
K Mg K P BRI, 10 FGF21 &3 Rk nf i i ik
RE AR % B % . Geng 25 PURFALIEH, R4 4
JHH Rissh T P4 55 FGF21 5244 FE K] B R 1) AR
JrE/INBR B R T A AR /DN, 38 BRI AT IRAFAE
ELFE FFE AL PR S5 3E A 107 2 2R A 50 052 281 e 1 g
JFAHERL . X K BH FGF21 n] fg e A 5 g iy 85 98 42
ffIE 5% S 1A RE 7 2% B vh AL IR R DT « Gao 2517
XTJE /N R R FH 8 A A 48U 0E B T TJE R B i
FGF21 #3215, Hm /K- FGF21 & JH- I i i
WoE AMPK/ULKL {55 3@ B8 B9 i fige, 0% 1 TG
W PR ORI AT RGN 25 8L - BRILZ AP,
BE)F IR FGF21 AT §ES 5 7 WAT “H53” 1)
Wiz BE4 Porter 2 Y R B, 5 FGF21 B H /N
SAHEE, 8 JA I3E 3 T 2 38 0 1 B A2 AR S B
WAT H AR [H DA J2 BAT KRNI PGC-1a, iR
fRIEE T 1 (uncoupling protein-1, UCP1) &5#% 3 A1
W, AMSGE AR AL 47 E, EahrTiEdif
5 FGF21 S hn a1, $i A5 5t = Ar AR o

3 EEIXMFGF2FRIERVEIEAE R RHLH

RN FiR FGF21 /v & Fissh i R A%
WAL R AR ZENLE] YRR, (B T2 3h %
FGR2l IR EZ N W E 2ot ™ 24k
FGFRs M4 Rtk P S i oc st I R s ma, [
LGS T AT Bl B 7 56 e % AR BE 4 1) FGF21 i %
BN IEAFAE — 8 3 B, X B (R B 2 i AR AR 22 L 1)
R AR . INIZ 3T FUS FGF21 I3 7K 7 A8 1K 1)
KNG OKE, SkiEsha ERPLE NLE FGF21
K, mEEESN S AR E KT BT
X IE IR AT RS AT, KIISB R 3R (KA 9B
FEIH ) ARRCBRERE M, ReiRi 1 Pokhz S
B IR U SN R i FGF21 38 B 5 80 R 1
AN BRI R

31 AMED
3.1 ZAMIEEIRTFGF21RIA 1 % 1 H

SHERIZY S EE LR #E E FGF21
TEIRAKF, ABFEAN FERERAS 1523038 BT KF
LR WK, IR ZEELAT S S 1 FGF21
HPie PR SR Bk EE 1. KR
U2 3l J5 R DU R 2 35 G R FGF21 /K -F 2 3%
B0, (EXFFAERERN T2D B ki, 8304 FGF21
(g AR F A %, HARHOKr BT e
INTAEREZ R . Sargeant 25 M 7 H 32 HOMA-
IR (JRERIMPURSEA ) fabrfait— PR, 18
BN FAEIR FGF21 7K 9 38 N AE (8% 4% 1) 1 5 (1)
e A BN A 45 DUERFE, 1 75 JEE 5 =KL T2D
BE RS, B4Rk B # HOMA-IR 185k
FEIE T 513 I (PP AR B R AKPL BI{E ), FGF21
X IE B R s B AR g

X TP S 3l DL e o (R B 3 Fn &
2 L) S 00 S N A AN AR AR . He 5 ) X
R NZR 0 55 M R s o B 1) 8101 25 B4 B LR
PUBH ISR T U5, WAL FGF21 Xt/ Fl A [F] iz 30
RERNBIA W ZER T & 5 BXEE P EIZEK
[ AR SRV, BRI B2 s A B IR B,
TV A I35 FGF21 K KA B # 1. 7 4h,
Hansen 25 U 5% 5 { Je 52 380 % St 7 8. OUBR Jat et
YIRS, S5 SRR B DUBRIE 335 A i I
il FGF21 /KF, (HXUBRIZ ) % 2F T~ (1) FGF21 48 #5
AR E ST RIS 3 k. TR, RN
ISR FE 5 FGF21 43 b /K7 e 1E A 56 B9, s i fig
gt A AR RN T 2 ISR, BARZ
G2 R F EAR R EIZ ) T 1R 2 BL ] 4 S AR
WM, T I B FGF21 43 W7k “F B35 88 m, LA
Wi S AT 38

TR F 2 R, AN A5 B 1 S g 3T
U I 7E FGF21 Rik/KTFtha —EMER, i
A2 FGF21 £ i FE (18 2 R 3Rk K
B 1 o Kim 25 ) b B2 55 1% B 80% VO, max (maximal
oxygen uptake, VO,max) Il 50% VO,max #£17 i1 20H]
HERIZEH KM, M7E FGF21 /K Fil, H KSR
BT M3 FGF21 F8 bR 38 5 3 T/ N
Willis %5 B I He %5 P 43 JI/E 1 K /N 356 11
X ARG R S RE B IR« R E 2 B i FGF21
M7 K AR R T TR K, X 523 id f2
il e TR IR FE AR AT 5. WF9C R B, FGF21 %25
T S RS A e Rk T, R g Bl
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DIl A= 1 08 ) A7) N T = AV 2= 05
7NIG B 3 AR AL ) 7 Ak 3] A DA 5| R v b
RRERZERAR, A RS FGF21 73 Wy~ B 2
FEAEA
3.1.2 @IS EEFGF2 1RIA FIHLH]

2V 3 T 15 FGF21 M3 7K F 2 35 18 hn i)
JRR R A 45 Tiaah ERIHIE . B LS N 2 i 2 21
ETIERKRIL, 45T FGF21 K& 4 IEE
HIEHR RGHEH T4 SR 23, B e 37 g S A

TERRILT, ZaE %S AMPK {5 5 i@
PLJ PI3K/Akt {5 53l ) (0 FF 4805, 3% b
W EE UL FGF21 ) 3RIL, JF % S LR IE FGF21
KET. FEFE, 18330 m 7K g E L pE
= DI ER IR (cyclic adenosine monophosphate,
cAMP) 7KV, W0E I E A R BR PR AL B (adenylate
cyclase, AC) ¥V, FEHIHI g 15 2= 175 5 0 W2 — fig
I (phosphodiesterase, PDE) 1 &5 [ # i B (protein
kinase B, PKB) ik 5 [AIA, 12305800 AFHE IR
FEE 1] 30 B B c-Jun ZU3E R Ui B (c-Jun N-terminal
kinase, JNK) 351, i AMPK {5 5 18 i {2k Y,
T35 85 8 I R (fatty acids, FFA) t7Ei 5h )3 K &
ZHm ™ FRMIEsh 5 R R AN AR (R
MWE 2 =K 20 Wb B R FESE . FFA 7K (1) 2
3N ) AT 3 FGF21 (3 i 5 I Xk HE B
O1 (Fork head box O1, FoxOl1). i 48 44 44 18 4
YIS 2 AR o (peroxisome proliferators-activated receptors
a, PPARa) A M35 55 K1~ 4 (activating transcription
factor 4, ATF4) [JRiE Y, &% %S AT M FGR21
FARFF RS WA, BN K AT AR F T4 S
wE.

bRtz Ab, SIS S B MR SO T 5 1)
MR RFR > 2 S BBk 4E B, X &ik— B3 n
MR 5 FGF21 7K1 B,
3.1.3  2MHIEEhAIEFGF215RIA (1 [a) 35

EAERENE, SME3%E S FGF21 g K
ST MG NI AFAE I TR RS, G IV R AR 4K PR B[] ¢
K, %) 2~3 WU SN s i B a7 3K DL 80%
VO,max j#47 30 min HEHA IS 3 HUE R,
iz B IfiE FGF21 LW &2, MiEies))E 1
/NIP IR B K, FFE T 183N 5 2~3 h kB 2 % i
Ko Jim B — TURE 5T 4k 23 iE Bl 5 FE A K2 B
FroLmtE], LL (85 + 8)% VO,max X 14 44 fid %2 iR
HRH 45 min i BAT BT, X BARRE
P2 TG FGF21 [IEE (HE1E 90%), (HUEE {598

HILEREIN 1 h BIINTA) A, I FGF21 I {E R
TR 1 /NI REIR [ S N R 8 B, Sargeant
S BOURESE 11 A R L 60% VO,max HEAT
1 h BB ML R IR RE L 22 2] IR I A) 208 . {HAE —
T 6} fi i 52 3R & K ] 70%~75% 1RM (1 Repetition
Maximum) [ 32 3 5 & 32 17 30 K 4 S bl 2 W,
KWL 2 i JF FGF21 7K b U A B[] 52 25 e I
FGF21 [ F K PEE sl ja I E W1 H54: B % 24 h
IR BIEME, Ff BT PRI T 2 d e B R 2
. HATSSATIEh A FGF21 ik “1 /N iR~
(RIS 1) 250 I AR M T 38 18, AR AT F) — TOURIE 7
RILW, 3 Fh i FE e FGR21 /K A8 £k 5 gt v 1
/RS R EREEMK., HE R TiE5)
SERBN )L B WA G )G TR, HBsog =R / Bl
RAZMME S FGF21 A TR 1 hik 5K,
BRI SEIZ SN T FGF21 KPS B “1 /N &
AR I TR R0 AT B v LA 2R A% R B 2% LR AR AL
L RARS EEIREiL 1 o

11 £ 4 5 PURHLIZ 3 T 5 & B FGF21 R IL AN
I3 KV B KR P e S AL S R N R
4185 1 (mammalian target of rapamycin, mTOR) 155
WA K. KV, mTORAE T 5 Tl K
A2 SEUIWEYE FGF21 43 Y, Hrplissh Kok
A RIS S EIE R A R E S 1 (mammalian
target of rapamycin complex 1, mTORC1) R T 5
ZALUR R ¥ 4E 454 821 1 (eukaryotic initiation factor
4E binding protein 1, 4B-BP1) &1k, 4k 24T &
FUR A A i B, S HTEZ s S 18 h Y
SWEEN, H mTOR {55 5 3@ M RF S 1 B0 75
T #% L8 A A A (muscle protein synthesis, MPS)
Kk 36 W', 1T FGF21 HIf 31 1~2 h*,
I, #R4E mTOR 15 538 B0 I (8] Rr i AT LA
5 FGF21 73323k AR A R AT AR BOR Y R
A B A S BB I 2 R RF 2215 5 FGF21 43
WL, Bz 4k, Campderros %5 ) 78 T 33 FA #Y
HHEAT 42.2 km EY LRSS O 82 B IR A K R I
[F] 28, (H H A% S FGF21 ik I 8] 4 K (AL i) s
ESRERTIFI

i b, mTatksshilEs FEUEFIE. &
BEULN FGF21 KRERIL, Kt FGF21 # I i 1§
KPR ETE RIX P RAEAS [ SR K FE ()i
TR 230 H B A RE, RS 2K
R BRI USRI SRR B2 0. AR,
SNEIZ B RO HLA LS FGF21 /K- A2 AL A7
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TERFIRION . R LA T EL B iz
PRIME FGF21 Rk A FREIE .
3.2 KHREE)
3.2.1 KWEsEh X FGF21% 1A 1 /E i
TEAFIEEZR BB b R, KHiE3)
T J5 R /DN BRLILYE FGF21 KF3 2% i, |
WL TR =5 M N FRR B s sh T
TR 70 LS 2, KA S TR R S s 1 i,
UK Bl B BHE B T 90 7 Ak g 2 PR P
3% FGF21 K F. {Exf T2D & AR KA
AP R iz 3T 10 & B i FGF21 #E 36K
PRER . X /s sk, KR Taniguchi
2 VRPN ZE N Riashils, i
FGF21 /K- 3 B LLAL,  HAhY /7l 2T i e
0 BB B FGF21 33K 38 Bl L 2 fo i 770, b
BmE, 2N KA R R E(KT FGF21 Mg
P T E # AE A i 2 , T2D H3# FGF21 ikt
TR IR 2 R E ™ E . EIRWE R £ T M A
BB, FGF21 Xz s [ B S5 PR H
AMLBRIKF PSR BER LA % s X T A RIZE 5K 8
M, KIAPUHIZE 3 & A SRR IZ 3%t FGF21

IR PI PN

FAK WA AT sl s 3.

AN TR A A 38 3l TR I3 FGF21 7K 152
Wl A 1 2 il fEREZIRE #2522 i 3T Tl
J5 I FGF21 /KPR 880, X raE5 RS0
| G I SRR [(1D:0 i 3 3 S S A= o N R
I8 Bl T WO VA R 5 0 U EORE B e TP
FGF21 i /K-Fid s 5 (K 30 8 3 fa Ao,
12 A K012 3 T 95 B L2 P 1 FGF21 7K
TE K Y 2020 £ —T0 12 JA K P FLIZ 3h
TR R B AE e B I3 FGF21 7K i 2 BRI 7,
KR, K2 B B G ) 1iEsh st
JIE P B LTS FGF21 /KPR A2 38 M ] g 58 A 2K
BT WAL 2% B FGF21 ik 1938 AR 00 Bk = F
o RHNEHPII NN 2 AT VEGRRN TS, FER
LA A & 1) 32 3 Tt #1240 20 FGF21 R IA 1 1
EAERWEEAR : 4 AfGHAE m*%%E%L
VAN B T 2128 FGR21 3Rk BY, gk K iz zh
%@ﬂ)k%ﬁ%LLﬂmm%TR$Wf%%@
2, ENLFGF21 R BRI AE KA (12 4
36 Ji ) WA EEE) i, NSRS/ R &N
LR R DT 423 K i B UL FGF21 3RiE 3K

=1 BMEHXALFGR2FRIEHIEEERLLE

BAEE(REF)  ZREAENIRTE) AT 58 T (T g4/ Corge) 4 @R bR (B FGF21)

Kim (2013)*” 13448 FE RN KT T LL80% VO,maxiE4730 minf ¥ G Hissh 127))51 h FGF211
C: LA50% VO,maxi#t4730 minl 5 HL A EiE 5h
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BT 36 23T 1E MEE], KRN FGF21
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TPt B A S 0 RE R ) BT D7 44 24 v FGFR1 Al
KLB 3%k BY, R\ IEsh &I 5R FGF21 16/

R NN R v N By A 2 o N =9 B4 T B i B U |
7 microRNAs (miRNAs) i [A1#% 520 % FGF21 (1)
PWiAVEH. Xiao £ U &I, FGF21 /& miR-212 ¥
TEFRE S, AEIFRE S miR-212 mRIAR <&
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18.0 m/min HEAT 2.5 min (1550 5 8] 81 25,
TEJE 5 R, RREE 14

T, : BL 65% VO,max 47 30~50 min A 4iif /1
Wk, BF SR, 7814

C: izt

T: L 29 m/min #4230, 3t 5 #0Hmom L A
BIZk (HUT), &8 5K, $52:8 4
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T: 4 ASHAAHES)

C: Ligzh
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T, : P 90% VO,max(25 m/min) H4T 10 X,
1 min RSB w5 A2 TR BRI 2R (HIOT),
B 5, FRBE8 H

T, : LA 50% VO,max (14 m/min) #4T 45 min [

SBHUERIZE) (MICT), B 51k, 548 4
C: /NRIEIZB) T
T : PL 20 m/min #3847 60 min H B HLH EZx,
B SR, FEBE8 R
C: Liz3hF

T : 8 KIFEAT (7.75 £ 0.60) km (1 HECH RESE)

FFak 8

T: L 10 m/min 4T 60 min A EIE3) ; Fr4k
16 J

C: iz

13 FGF21] ;
3% fgf21)
BN FGF211

1yE FGF21]

HHNUH FGF217 5
WAT ' FGF211

JJE T FGF217
FEFFRE A fef21]
1% FGF21)

3% FGF21] 5
JFENE fof21)

HHEL fer211 5
HHLF FGF211

7% FGF21] ;
JHEFD B % LA
FGF21/fgf211

HHALH FGF217 5
13% FGF211

& FGF21]

HFIEFR FGF211

VE 17 e 4L N VOmax : B KIRERE  FGF21 : W44 KT 21 B E ; fof2] « MeF4edn it K7 21

LR T2D : 2 BUBE R



71

TAMPK/ULKI
TUCP-I

Pemck | BRSEAEH |

S
V=
%

L

HEf# 7K

BR#ELAKE | —

t samenen]

‘o REAEMGR: <7 RELVEEM; “§ 7 KT TER; J_ AR AR
Bl ZEEiTFGR2IRIAKE RS F AN EMF N

(& £ X #
Bray GA, Ryan DH. Evidence-based weight loss
interventions: Individualized treatment options to
maximize patient outcomes. Diabetes Obes Metab, 2021,
23 Suppl 1: 50-62
Petridou A, Siopi A, Mougios V. Exercise in the management
of obesity. Metabolism, 2019, 92: 163-9
EHE, A, G, 5 IE RgieiEdh iR
R VR FHHLRIRT 70 2. # A RL2, 2019, 39: 61-9
Goetz R, Mohammadi M. Exploring mechanisms of FGF
signalling through the lens of structural biology. Nat Rev
Mol Cell Biol, 2013, 14: 166-80
Kharitonenkov A, Shiyanova TL, Koester A, et al. FGF-21
as a novel metabolic regulator. J Clin Invest, 2005, 115:
1627-35
Yan J, Nie Y, Cao J, et al. The roles and pharmacological
effects of FGF21 in preventing aging-associated metabolic
diseases. Front Cardiovasc Med, 2021, 8: 655575
Gao Y, Zhang W, Zeng LQ, et al. Exercise and dietary
intervention ameliorate high-fat diet-induced NAFLD and
liver aging by inducing lipophagy. Redox Biol, 2020, 36:
101635

(10]

[11]

[13]

[14]

He Z, Tian Y, Valenzuela PL, et al. Myokine response to
high-intensity interval vs. resistance exercise: an
individual approach. Front Physiol, 2018, 9: 1735

Sonoda J, Chen MZ, Baruch A. FGF21-receptor agonists:
an emerging therapeutic class for obesity-related diseases.
Horm Mol Biol Clin Investig, 2017, 30: 20170002

lizuka K, Takeda J, Horikawa Y. Glucose induces FGF21
mRNA expression through ChREBP activation in rat
hepatocytes. FEBS Lett, 2009, 583: 2882-6

Uebanso T, Taketani Y, Yamamoto H, et al. Paradoxical
regulation of human FGF21 by both fasting and feeding
signals: is FGF21 a nutritional adaptation factor? PLoS
One, 2011, 6: 22976

Slusher AL, Whitehurst M, Zoeller RF, et al. Attenuated
fibroblast growth factor 21 response to acute aerobic
exercise in obese individuals. Nutr Metab Cardiovasc Dis,
2015, 25: 839-45

Staiger H, Keuper M, Berti L, et al. Fibroblast growth
factor 21 -- metabolic role in mice and men. Endocr Rev,
2017, 38: 468-88

Ost M, Coleman V, Kasch J, et al. Regulation of myokine
expression: role of exercise and cellular stress. Free Radic



72

G gEEd

344

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[24]

[26]

Biol Med, 2016, 98: 78-89

Cuevas-Ramos D, Almeda-Valdés P, Meza-Arana CE, et
al. Exercise increases serum fibroblast growth factor 21
(FGF21) levels. PLoS One, 2012, 7: 38022

Schoenberg KM, Giesy SL, Harvatine KJ, et al. Plasma
FGF21 is elevated by the intense lipid mobilization of
lactation. Endocrinology, 2011, 152: 4652-61

Kim KH, Jeong YT, Oh H, et al. Autophagy deficiency
leads to protection from obesity and insulin resistance by
inducing Fgf21 as a mitokine. Nat Med, 2013, 19: 83-92
Salminen A, Kauppinen A, Kaarniranta K. FGF21
activates AMPK signaling: impact on metabolic regulation
and the aging process. J] Mol Med (Berl), 2017, 95: 123-
31

Liu M, Liu F. Transcriptional and post-translational
regulation of adiponectin. Biochem J, 2009, 425: 41-52
Fisher FM, Chui PC, Antonellis PJ, et al. Obesity is a
fibroblast growth factor 21 (FGF21)-resistant state.
Diabetes, 2010, 59: 2781-9

Geng L, Liao B, Jin L, et al. Exercise alleviates obesity-
induced metabolic dysfunction via enhancing FGF21
sensitivity in adipose tissues. Cell Rep, 2019, 26: 2738-52.
e4

Hanks LJ, Gutiérrez OM, Bamman MM, et al. Circulating
levels of fibroblast growth factor-21 increase with age
independently of body composition indices among healthy
individuals. J Clin Transl Endocrinol, 2015, 2: 77-82
Taniguchi H, Tanisawa K, Sun X, et al. Cardiorespiratory
fitness and visceral fat are key determinants of serum
fibroblast growth factor 21 concentration in Japanese men.
J Clin Endocrinol Metab, 2014, 99: E1877-84

Kruse R, Vienberg SG, Vind BF, et al. Effects of insulin
and exercise training on FGF21, its receptors and target
genes in obesity and type 2 diabetes. Diabetologia, 2017,
60:2042-51

Loyd C, Magrisso 1J, Haas M, et al. Fibroblast growth
factor 21 is required for beneficial effects of exercise
during chronic high-fat feeding. J Appl Physiol (1985),
2016, 121: 687-98

Esteghamati A, Momeni A, Abdollahi A, et al. Serum
fibroblast growth factor 21 concentrations in type 2
diabetic retinopathy patients. Ann Endocrinol (Paris),
2016, 77: 586-92

Bobbert T, Schwarz F, Fischer-Rosinsky A, et al.
Fibroblast growth factor 21 predicts the metabolic
syndrome and type 2 diabetes in Caucasians. Diabetes
Care, 2013, 36: 145-9

Charles ED, Neuschwander-Tetri BA, Pablo Frias J, et al.
Pegbelfermin (BMS-986036), PEGylated FGF21, in
patients with obesity and type 2 diabetes: results from a
randomized phase 2 study. Obesity (Silver Spring), 2019,
27:41-9

Nygaard EB, Vienberg SG, @rskov C, et al. Metformin
stimulates FGF21 expression in primary hepatocytes. Exp
Diabetes Res, 2012, 2012: 465282

Srinivasa S, Wong K, Fitch KV, et al. Effects of lifestyle
modification and metformin on irisin and FGF21 among

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[47]

HIV-infected subjects with the metabolic syndrome. Clin
Endocrinol (Oxf), 2015, 82: 678-85

Kim KH, Jeong YT, Kim SH, et al. Metformin-induced
inhibition of the mitochondrial respiratory chain increases
FGF21 expression via ATF4 activation. Biochem Biophys
Res Commun, 2013, 440: 76-81

Guo C, Zhao L, Li Y, et al. Relationship between FGF21
and drug or nondrug therapy of type 2 diabetes mellitus. J
Cell Physiol, 2021, 236: 55-67

Whillier S. Exercise and insulin resistance. Adv Exp Med
Biol, 2020, 1228: 137-150

Camporez JP, Jornayvaz FR, Petersen MC, et al. Cellular
mechanisms by which FGF21 improves insulin sensitivity
in male mice. Endocrinology, 2013, 154: 3099-109

Pan Y, Wang B, Zheng J, et al. Pancreatic fibroblast
growth factor 21 protects against type 2 diabetes in mice
by promoting insulin expression and secretion in a PI3K/
Akt signaling-dependent manner. J Cell Mol Med, 2019,
23:1059-71

Lin Z, Tian H, Lam KS, et al. Adiponectin mediates the
metabolic effects of FGF21 on glucose homeostasis and
insulin sensitivity in mice. Cell Metab, 2013, 17: 779-89
Yadav A, Kataria MA, Saini V, et al. Role of leptin and
adiponectin in insulin resistance. Clin Chim Acta, 2013,
417: 80-4

Yang W, Liu L, Wei Y, et al. Exercise ameliorates the
FGF21-adiponectin axis impairment in diet-induced obese
mice. Endocr Connect, 2019, 8: 596-604

Holland WL, Adams AC, Brozinick JT, et al. An FGF21-
adiponectin-ceramide axis controls energy expenditure
and insulin action in mice. Cell Metab, 2013, 17: 790-7
Hui X, Feng T, Liu Q, et al. The FGF21-adiponectin axis
in controlling energy and vascular homeostasis. J Mol Cell
Biol, 2016, 8: 110-9

Porter JW, Rowles JL, 3rd, Fletcher JA, et al. Anti-
inflammatory effects of exercise training in adipose tissue
do not require FGF21. J Endocrinol, 2017, 235: 97-109
YuY, He J, Li S, et al. Fibroblast growth factor 21 (FGF21)
inhibits macrophage-mediated inflammation by activating
Nrf2 and suppressing the NF-kB signaling pathway. Int
Immunopharmacol, 2016, 38: 144-52

Wang N, Xu TY, Zhang X, et al. Improving hyperglycemic
effect of FGF-21 is associated with alleviating inflammatory
state in diabetes. Int Immunopharmacol, 2018, 56: 301-
309

Fisher FM, Maratos-Flier E. Understanding the physiology
of FGF21. Annu Rev Physiol, 2016, 78: 223-41

Hansen JS, Rutti S, Arous C, et al. Circulating follistatin is
liver-derived and regulated by the glucagon-to-insulin
ratio. J Clin Endocrinol Metab, 2016, 101: 550-60
Sargeant JA, Aithal GP, Takamura T, et al. The influence
of adiposity and acute exercise on circulating hepatokines
in normal-weight and overweight/obese men. Appl Physiol
Nutr Metab, 2018, 43: 482-90

Morville T, Sahl RE, Trammell SA, et al. Divergent effects
of resistance and endurance exercise on plasma bile acids,
FGF19, and FGF21 in humans. JCI Insight, 2018, 3:



EQE]

w2

BENHISFGF21 355 o 38 IR AR W 2 8L it R ik e 73

(48]

[49]

[50]

[54]

[56]

[57]

[58]

[59]

[61]

[62]

e122737

Hansen JS, Clemmesen JO, Secher NH, et al. Glucagon-
to-insulin ratio is pivotal for splanchnic regulation of
FGF-21 in humans. Mol Metab, 2015, 4: 551-60

Kim KH, Kim SH, Min YK, et al. Acute exercise induces
FGF21 expression in mice and in healthy humans. PLoS
One, 2013, 8: 63517

Willis SA, Sargeant JA, Thackray AE, et al. Effect of
exercise intensity on circulating hepatokine concentrations
in healthy men. Appl Physiol Nutr Metab, 2019, 44: 1065-
72

He Z, Tian Y, Valenzuela PL, et al. Myokine/adipokine
response to “aerobic” exercise: is it just a matter of exercise
load? Front Physiol, 2019, 10: 691

Tanimura Y, Aoi W, Takanami Y, et al. Acute exercise
increases fibroblast growth factor 21 in metabolic organs
and circulation. Physiol Rep, 2016, 4: ¢12828

Heyworth CM, Wallace AV, Houslay MD. Insulin and
glucagon regulate the activation of two distinct membrane-
bound cyclic AMP phosphodiesterases in hepatocytes.
Biochem J, 1983, 214: 99-110

Hoene M, Franken H, Fritsche L, et al. Activation of the
mitogen-activated protein kinase (MAPK) signalling
pathway in the liver of mice is related to plasma glucose
levels after acute exercise. Diabetologia, 2010, 53: 1131-
41

Hansen JS, Pedersen BK, Xu G, et al. Exercise-induced
secretion of FGF21 and follistatin are blocked by
pancreatic clamp and impaired in type 2 diabetes. J Clin
Endocrinol Metab, 2016, 101: 2816-25

Brun JF, Khaled S, Raynaud E, et al. The triphasic effects
of exercise on blood rheology: which relevance to
physiology and pathophysiology? Clin Hemorheol
Microcirc, 1998, 19: 89-104

Khalafi M, Alamdari KA, Symonds ME, et al. Impact of
acute exercise on immediate and following early post-
exercise FGF-21 concentration in adults: systematic
review and meta-analysis. Hormones (Athens), 2021, 20:
23-33

Guridi M, Tintignac LA, Lin S, et al. Activation of
mTORCI1 in skeletal muscle regulates whole-body
metabolism through FGF21. Sci Signal, 2015, 8: ral13
Kubica N, Bolster DR, Farrell PA, et al. Resistance
exercise increases muscle protein synthesis and translation
of eukaryotic initiation factor 2Be mRNA in a mammalian
target of rapamycin-dependent manner. J Biol Chem,
2005, 280: 7570-80

West DW, Baehr LM, Marcotte GR, et al. Acute resistance
exercise activates rapamycin-sensitive and -insensitive
mechanisms that control translational activity and capacity
in skeletal muscle. J Physiol, 2016, 594: 453-68
Kharitonenkov A, Wroblewski VJ, Koester A, et al. The
metabolic state of diabetic monkeys is regulated by
fibroblast growth factor-21. Endocrinology, 2007, 148:
774-81

Hager T, Spahr C, Xu J, et al. Differential enzyme-linked
immunosorbent assay and ligand-binding mass

[63]

[64]

[69]

[72]

(73]

[76]

spectrometry for analysis of biotransformation of protein
therapeutics: application to various FGF21 modalities.
Anal Chem, 2013, 85: 2731-8

Campderros L, Sanchez-Infantes D, Villarroya J, et al.
Altered GDF15 and FGF21 levels in response to strenuous
exercise: a study in marathon runners. Front Physiol,
2020, 11: 550102

Sabaratnam R, Pedersen AJT, Kristensen JM, et al. Intact
regulation of muscle expression and circulating levels of
myokines in response to exercise in patients with type 2
diabetes. Physiol Rep, 2018, 6: ¢13723

ER, RETT, J3E. B ALK R B ILFGF21
PR TR, T EIZBERAAE, 2020, 39: 544-51
Yang SJ, Hong HC, Choi HY, et al. Effects of a three-
month combined exercise programme on fibroblast growth
factor 21 and fetuin-A levels and arterial stiffness in obese
women. Clin Endocrinol (Oxf), 2011, 75: 464-9
Takahashi A, Abe K, Fujita M, et al. Simple resistance
exercise decreases cytokeratin 18 and fibroblast growth
factor 21 levels in patients with nonalcoholic fatty liver
disease: a retrospective clinical study. Medicine
(Baltimore), 2020, 99: ¢20399

Motahari Rad M, Bijeh N, Attarzadeh Hosseini SR, et al.
The effect of two concurrent exercise modalities on serum
concentrations of FGF21, irisin, follistatin, and myostatin
in men with type 2 diabetes mellitus. Arch Physiol
Biochem, 2020: 1-10

Taniguchi H, Tanisawa K, Sun X, et al. Endurance
exercise reduces hepatic fat content and serum fibroblast
growth factor 21 levels in elderly men. J Clin Endocrinol
Metab, 2016, 101: 191-8

Besse-Patin A, Montastier E, Vinel C, et al. Effect of
endurance training on skeletal muscle myokine expression
in obese men: identification of apelin as a novel myokine.
Int J Obes (Lond), 2014, 38: 707-13

Kong Z, Sun S, Liu M, et al. Short-term high-intensity
interval training on body composition and blood glucose
in overweight and obese young women. J Diabetes Res,
2016, 2016: 4073618

Fletcher JA, Meers GM, Laughlin MH, et al. Modulating
fibroblast growth factor 21 in hyperphagic OLETF rats
with daily exercise and caloric restriction. Appl Physiol
Nutr Metab, 2012, 37: 1054-62

Kartinah NT, Sianipar IR, Rabia, et al. High intermittent
intensity training induces FGF21 secretion in obese rats. J
Obes Metab, 2018, 1: 103-5

Davis RAH, Halbrooks JE, Watkins EE, et al. High-
intensity interval training and calorie restriction promote
remodeling of glucose and lipid metabolism in diet-
induced obesity. Am J Physiol Endocrinol Metab, 2017,
313: E243-56

Xiong Y, Chen Y, Liu Y, et al. Moderate-intensity
continuous training improves FGF21 and KLB expression
in obese Mice. Biochemistry (Mosc), 2020, 85: 938-46
JanssenDuijghuijsen LM, Keijer J, Mensink M, et al.
Adaptation of exercise-induced stress in well-trained
healthy young men. Exp Physiol, 2017, 102: 86-99



G gEEd

344

[78]

[79]

(81]

Xiao J, Bei Y, Liu J, et al. miR-212 downregulation
contributes to the protective effect of exercise against non-
alcoholic fatty liver via targeting FGF-21. J Cell Mol Med,
2016, 20: 204-16

Morrison CD, Laeger T. Protein-dependent regulation of
feeding and metabolism. Trends Endocrinol Metab, 2015,
26:256-62

Murata Y, Nishio K, Mochiyama T, et al. Fgf21 impairs
adipocyte insulin sensitivity in mice fed a low-
carbohydrate, high-fat ketogenic diet. PLoS One, 2013, 8:
€69330

Xu J, Stanislaus S, Chinookoswong N, et al. Acute
glucose-lowering and insulin-sensitizing action of FGF21
in insulin-resistant mouse models--association with liver
and adipose tissue effects. Am J Physiol Endocrinol
Metab, 2009, 297: E1105-14

Huang J, Ishino T, Chen G, et al. Development of a novel
long-acting antidiabetic FGF21 mimetic by targeted
conjugation to a scaffold antibody. J Pharmacol Exp Ther,
2013, 346: 270-80

Fazeli PK, Lun M, Kim SM, et al. FGF21 and the late
adaptive response to starvation in humans. J Clin Invest,

(83]

(84]

(86]

2015, 125: 4601-11

Zhang X, Yeung DCY, Karpisek M, et al. Erratum. Serum
FGF21 levels are increased in obesity and are independently
associated with the metabolic syndrome in humans.
Diabetes 2008, 57: 1246-53

Li H, Bao Y, Xu A, et al. Serum fibroblast growth factor
21 is associated with adverse lipid profiles and vy-
lutamyltransferase but not insulin sensitivity in Chinese
subjects. J Clin Endocrinol Metab, 2009, 94: 2151-6
Andersen TR, Schmidt JF, Thomassen M, et al. A
preliminary study: effects of football training on glucose
control, body composition, and performance in men with
type 2 diabetes. Scand J Med Sci Sports, 2014, 24 Suppl 1:
43-56

Kim HJ, Song W. Resistance training increases fibroblast
growth factor-21 and irisin levels in the skeletal muscle of
Zucker diabetic fatty rats. J Exerc Nutrition Biochem,
2017,21: 50-4

BR, RETT, HiEH, & ARSI BLE S0
JIEER B IEFGF2 145 5 i B B2, v [E I8 3h B2 22 A%
£,2018, 37: 41-50



